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- side effect 285 
dilatation, achalasia 481,494 
- complication 495 
- indication 495 
Doppler ultra-sonography, splenic vein 
thrombosis 558 
duodenal diversion, gastric surgery 529 
- total 528 
duodenal ulcer, age 296 
- alcohol 295 
- healing 295 
- hexosamine 303 
- treatment 298 
duodenogastric reflux, cholecystectomy 297 
- duplex sonography 90 (S) 
- gastric hyposecretion 299 
duodenum, leiomyoma 76 (S) 
- villous tumor 84,550 
duplex sonography 90 (S) 
E 
early gastric cancer, distal resection 427 
- superficial esophageal cancer 554 
- survival rate 428 
- gastrectomy 427 
Ebselen 90 (S) 
electrocoagulation, bleeding ulcer 204 
embolization, hemobilia 455 
emergency, abdominal pain 280 
emergency endoscopy 224 
endoscopic sphincterotomy 122 
endoscopic therapy, aspiration pneumonia 
293 
- hemostasis 292 
- injection 291 
- peptic ulcer bleeding 291 
- perforation 293 
- re-bleeding 292 
endoscopy, gastric acid secretion 79 (S) 
- laser coagulation 204 
- operative 201 
esophageal carcinoma, achalasia 514 
- Barrett's metaplasia 341 
- early stage 554 
- extension 343 
- histological pattern 343 
- predisposition 515 
esophageal motor disorder 435 
esophageal stricture 94 (S) 
esophageal varices, prophylactic therapy 355 
- sclerotherapy 356 
esophagectomy, cardia carcinoma 72 (S) 
esophagitis, biopsy diagnosis 26 (S) 
esophagomyotomy, achalasia 474, 488 
- antireflux procedure 474 
- gastroesophageal reflux 506 
- reoperation 490 
- results 500 
- thoracic approach 498 
esophagus, apudoma 22 (S) 
- inflammatory disorder 26 (S) 
- oat cell carcinoma 26 (S) 
- p H monitoring 78 
experimental peritonitis, antipyrine 
clearance 388 
- liver 388 
extrahepatic cholestasis, acid phosphatase 
40 
- bile pigment 39 
- biliary drainage 39 
- gluconeogenesis 39 
- lysosomes 42 
F 
familial adenomatous polyposis, colonic 
cancer 535 
- ileorectal anastomosis 535 
- treatment 535 
fibrinolytic capacity 284 
fibronectin, Crohn's disease 231 
- , stenosis 233 
follicular gastritis 64 (S) 
Forrest classification 199 
G 
gallbladder carcinoma, block resection 562 
- chemotherapy 19 (S) 
- hepatectomy 170 
- hepatopancreatoduodenectomy 170 
- portal vein resection 174 
- surgical treatment 16 (S) 
- survival rate 18 (S) 
- symptoms 17 (S) 
gallstone, bile duct carcinoma 339 
- biliary pancreatitis 120 
- dissolution 419 
- endoscopic sphincterotomy 121 
- ERCP 121 
- pancreatitis 121 
- percutaneous cholangiography 121 
- surgery 121 
gastrectomy, antrum cancer 50 
- bile reflux 431 
- cardia carcinoma 72 (S) 
- operative mortali ty 48 
- partial cancer 517 
- survival 42 
- thymidine 430 
gastric acid, cholecystectomy 300 
- circadian rhythm 301 
- duodenal ulcer 197 
- normal subjects 300 
- p H monitoring 299 
gastric cancer, cardia carcinoma 72 (S), 73 (S) 
- surgery 73 (S) 
- partial gastrectomy 48) 
gastric emptying 97 (S) 
gastric fistula, omeprazole 83 (S) 
- parenteral hyperalimentation 84 (S) 
gastric hyperplastic change 540 
gastric hyposecretion, atrophic gastritis 301 
- duodenogastric reflux 297 
gastric juice, fasting 79 (S) 
gastric lipase, secretion 87 (S) 
gastric mucosal hexosamine, chronic 
hepatitis 304 
- esophageal varices 305 
- gastric mucosal defensive factor 305 
- gastric ulcer 303 
- teprenone 304 
gastric mucosal lesion 302 
gastric secretion, cholecystokinin 88 (S) 
gastric stump, adenocarcinoma 517 
- endoscopy 521 
gastric ulcer, acid 297 
- cisapride 41 (S) 
- duodenitis 297 
- hexosamine 303 
- localisation 297 
- omeprazole 400 
- prokineticdrug41 (S) 
- ranitidine 400 
- risk factor 297 
- treatment 298 
gastrin, gastrectomy 523 
- trophic hormone 99 (S) 
- vagotomy 523 
- Zollinger-Ellisonsyndrome 525 
gastrin releasing peptide 93 (S) 
gastritis, atrophic 66 (S) 
- bile reflux 538 
- chief cell 63 (S) 
- functional indices 65 (S) 
- parietal cell 63 (S) 
- pre-atrophic 64 (S) 
gastroesophageal reflux disease, natural 
history 94 (S) 
gastrointestinal bleeding, pancreatic pseudo-
cyst 75 
gastrojejunal anastomosis 541 
gastroplasty 470 
glucocorticoids 285 
G n R H 533 
gonadal function 531 
gram negative sepsis 547 
H 
Helicobacter pylori, chronic gastritis 98 (S) 
- elderly 95 (S), 96 (S) 
Heller's operation, cancer 496 
- failure 489 
- results 496 
- side effect 489 
hemobilia 454 
hemostasis, endoscopic therapy 292 
heparin, effects 285 
- thrombo-embolic prophylaxis 276 
hepatectomy, aldosterone 56 (S) 
- amylase 404 
- bile duct 170 
- fluid therapy 58 (S) 
- gallbladder 172 
- hemodynamic 60 (S) 
- hepatic vein 176 
- natriuretic peptide 57 (S) 
- trypsinogen 404 
hepatic encephalopathy, ammonia 371 
- blood brain barrier 371 
- bowel cleaning 379 
- branched chain amino acid 381 
- catecholamine 373 
- GABA372 ,384 
- glutamate 373 
- mercaptan 372 
- neurotoxins 372 
- pathophysiology 371 
- protein restriction 378 
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- treatment 377,385 
hepatic hilus carcinoma, early case 
464 
- hepatectomy 465 
hepatic neoplasm, myelolipoma 60 
- radiological diagnosis 62 
hepatitis, amiodarone 71 
- antibodies 86 
- fulminating 86 
- perhexiline maleate 314 
hepatitis B, acute, clinical manifestation 
23 
- - killer cell activity 308 
- - interleukin I I 309 
- - serological parameter 23 
- chronic, adenosine arabinoside 25 
- - complication 17 
- - viral elimination 16 
- - viral replication 16 
- corticosteroids 4 
- D N A hybridization 53 
- hepatocellular necrosis 307 
- hepatocytes 11 
- immune prophylaxis 12 
- a-interferon4 
- liver transplantation 32 
- local inflammation 14 
- pre-S2 sequences 11 
- treatment 31 
hepatitis C, epidemiology 27 
hepatitis D , antibodies 30 
- delta R N A 30 
- diagnosis 30 
- epidemiology 29 
hepatitis B 31 
- interferon treatment 31 
- piecemal necrosis 15 
hepatocellular carcinoma, abnormal pro-
thrombin 450 
- AFP 64 
- angiography 161 
- chemotherapy 50 (S) 
- early diagnosis 46 (S) 
- embolization 49 (S) 
- ethanol injection 50 (S) 
- immunotherapy 50 (S) 
- intraoperative ultrasonography 64 
- liver transplantation 51 (S) 
- management 46 (S) 
- P I V K A I I 4 5 0 
- prognosis 26, 51 (S) 
- radiation 50 (S) 
- surgery 47 (S) 
- treatment 26 
- tumor growth 161 
- vascularisation 161 
hepatocellular necrosis, immune response 
307 
hepatocytes, hepatitis B virus receptor 11 
hepatoduodenal ligament, block resection 
562 
hepatopancreatoduodenectomy, bile duct 
173 
- ,portal vein resection 174 
hiccup, gastroesophageal reflux 435, 436 
hybridization, antiviral treatment 55 
- chronic hepatitis 55 
- H B V D N A 5 3 
- H B e A G 55 
I Iodoamphetamine 8 (S) 
ileorectal anastomosis, familial polyposis 
535 
- rectal cancer 536 
indomethacin, ulcer healing 93 (S) 
infection, antimicrobial prophylaxis 261 
- postoperative 261 
- risk factor 261 
- surgical mortal i ty 261 
- thrombosis 273 
interferon, activity 309 
- chronic hepatitis 5 
- hepatitis B 4 
- hepatitis D 6 
- non-B hepatitis 7 
interleukin I I , natural killer cell 307, 309 
- transaminase level 309 
intraoperative ultrasonography, carcinoma 
64 
- liver biopsy 67 
- liver transsection 67 
irradiation 424 
ischemic tissue, adhesion 284 
J 
jaundice, percutaneous drainage 154 
L 
lactulose, hepatic encephalopathy 378 
laparoscopy, chronic liver disease 39 (S) 
- tuberculosis 37 (S) 
laserscan microscopy, duodenal mucosa 92 
(S) 
leiomyoma, duodenum 76 (S) 
levodopa 379 
lithotripsy, oral bile acid dissolution 419 
liver, alcoholic metabolism 189 
- M R imaging 228 
- preoperative ultrasonography 249 
- surgical anatomy 248 
- toxic liver disease 190 
liver cirrhosis, ascites 360 
- esophageal varices 304 
- gastric mucosa 302 
- hepatectomy 56 (S) 
~ hepatic blood flow 58 
- hexosamine 305 
- mitochondrial function 58 
- portal venous pressure 57 
- portogram 57 
liver resection, abdominal sepsis 547 
- portal embolization 329 
- postoperative complication 334 
- tumor thrombus 321 
- ultrasonography 321 
liver transplantation, graft survival 256 
- hepatocellular carcinoma 51 (S) 
- operation 459 
- preoperative factor 460 
- postoperative result 458 
- prostaglandin 254 
lower esophageal sphincter, cisapride 95 (S) 
- theophylline 95 (S) 
M 
macronodular glycoprotein, gastric mucosa 
302 
malignant transformation, condyloma 
acuminatum 311 
- Crohn's disease 311 
- ulcerative colitis 312 
- virus injection 313 
mega-esophagus 472 
mercaptan 372 
myocardial insufficiency, thrombosis 273 
myotomy, lower esophageal pressure 507 
N 
non-B hepatitis, interferon 7 
- prophylaxis 27 
- therapy 27 
nafamostat mesilate, acute pancreatitis 139 
natural killer cell, cytotoxic effect 307 
- enzyme pattern 309 
- hepatitis B 388 
- interferon 309 
- interleukin I I 307, 309 
- viral replication 309 
necrotizing pancreatitis, bacterial 
contamination 93 
- early debridement 132 
- local postoperative lavage 132 
- necrosectomy 94 
- surgical treatment 130 
nifedipine, achalasia 493 
Nissen fundoplication 510 
nitrates, achalasia 493 
nitr i t oxide, gastric mucosal blood flow 91 (S) 
non-Hodgkin lymphoma, bile duct 235 
O 
obstructive jaundice 462 
omeprazole, adverse event 289 
- gastric fistula 83 (S) 
- gastric ulcer 400 
- laboratory values 289 
- proton-pumpinhibitor 287 
- ranitidine 287 
- symptom relief 288 
- ulcer healing 288 
open drainage, mortality 135 
- pancreatic necrosis 134 
operation, bloodflow 258 
- risk reduction 258 
P 
pancreas, necrosis 116 
pancreatic cancer, Ca 19-9 143 
- hormone dependency 165 
- ossification 396 
- somatostatin 168 
pancreatic enzymes, acute pancreatitis 99 
pancreatic necrosis, complement 136 
- CRP 136 
- fibronectin 136 
- free fatty acids 136 
- infection 134 
- treatment 118 
- trypsinogen 136 
pancreatic pseudocyst, acute gastrointestinal 
bleeding 75 
papillomatosis, biliary 413 
parasitic disease, barium study 181 
- colonoscopy 184 
- gastroscopy 181 
- ERCP 181 
- liver 125 
- ultrasound 186 
- upper gastrointestinal tract 180 
parietal cell, development 90 (S) 
pentagastrin 35 (S) 
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peptic ulcer, bleeding 291 
- endoscopic therapy 291 
- hexosamine 302 
peranal irri tation, carcinogenic effect 312 
percutaneous drainage, pyogenic liver 
abscess 318 
percutaneous endoscopic gastrostomy, 
bile 462 
percutaneous needle aspiration 318 
perforation, endoscopic therapy 293 
perhexiline maleate, angina pectoris 314 
- neuropathy 315 
peritoneal lavage, pancreatitis 125 
peritoneum 284 
peritonitis, tuberculosis 37 (S) 
pH-monitoring, gastric acidity 299 
phospholipase 103 
P I V K A I I 4 5 0 
portal embolization, liver resection 329 
- transhepatic approach 333 
- transileocecal approach 333 
portal hypertension, ascites 346 
- chronic liver disease 347 
- conservative treatment 350 
- drug therapy 5 (S) 
- gastric devascularization 355 
- gastrointestinal bleeding 346 
- hepatic encephalopathy 347 
- pathophysiology 4 (S) 
- portocaval shunt 355 
- surgery 355 
portal scintigraphy 8 (S) 
portal shunt operation, child's classification 
2(S) 
- mortality 2 (S) 
- result 1 (S) 
portal vein obstruction, cirrhosis 57 
- hepatic blood flow 58 
- mitochondrial function 58 
- portogramm 57 
portocaval shunt, emergency 356, 358 
postnecrotic cirrhosis, G n R H k 532 
- gonadal dysfunction 531 
- sex hormone 532 
pregnancy, thrombo-embolic risk 274 
pre-S-protein, hepatitis B virus 11 
- vaccination 12 
primary biliary cirrhosis, autoantibody 543 
- t -RNA543 
prostaglandin, liver transplantation 254 
prostigmine 285 
protein C 273 
prothrombin, hepatocellular carcinoma 450 
percutaneous biliary drainage, complication 
157 
- jaundice 154 
- surgery 157 
pyogenic liver abscess, etiology 318 
- percutaneous drainage 318 
- surgery 319 
- ultrasound 319 
R 
ranitidine, adverse events 289 
- laboratory value 289 
- long lasting effect 289 
- omeprazole 287 
- serum pepsin 35 (S) 
- side effect 42 (S) 
- symptom relief 288 
- ulcer healing 288 
rebleeding, endoscopic therapy 292 
renal insufficiency, acute pancreatitis 129 
retinol binding protein 391 
S 
salicylates, prevention o f adhesions 285 
sclerotherapy, bleeding ulcer 204 
- , complication 222 
- histoacryl 221 
- long term 350 
- results 223 
- technique 221 
selective proximal vagotomy, results 98 (S) 
serum pepsin 33 (S) 
serum pepsinogen, duodenal ulcer healing 
297 
- inhibition 34 (S) 
- stimulation 34 (S) 
sepsis 129 
sex hormone receptor, pancreas cancer 165 
- somatostatin 168 
small cell carcinoma, esophagus 22 (S) 
smoking, Barrett's metaplasia 342 
- duodenal ulcer 297 
somatostatin 168 
SPan-1, pancreatic cancer 143 
splenic vein thrombosis 557 
splenorenal shunt 358 
- hepatic encephalopathy 14 (S) 
- modified 12 (S) 
stomach, acid secretion 87 (S) 
- bicarbonate secretion 87 (S) 
streptokinase 285 
surgery, high risk patient 275 
T 
teprenone, antiulcerative agent 302 
- hexosamine 304 
- therapeutic value 302 
thrombo-embolic risk factor 274, 275 
thrombosis, A T I I I deficiency 273 
thymidine, cell kinetics 431 
- gastritis 430 
toxin liver disease, central hyaline fibrosis 
190 
transaminase level interleukin 309 
trypsinogen, hepatectomy 406 
tuberculosis 37 (S) 
U 
ulcer, E G F receptor 91 (S) 
- follow-up endoscopy 297 
- microcirculation 92 (S) 
- omeprazole 288 
- ranitidine 28 
- symptomatic treatment 297 
ulcerative colitis 311 
- retinol 393 
- vitamin E 391 
ultrasound, acute pancreatitis 99 
- liver abscess 319,321 
upper gastrointestinal bleeding, angiog-
raphy 207 
- emergency 198 
- embolotherapy 212 
- endoscopic treatment 199 
- prediction 201, 224 
- portal hypertension 350 
- surgery, elective 216,217 
- visible vessel 224 
V 
vagotomy, duodenal ulcer 98 (S) 
- highly selective 523, 526 
- recurrent ulcer 524 
- truncal 523,526 
variceal bleeding, balloon tamponade 350 
- ß-blocker351 
- distal splenorenal shunt 12 (S) 
- embolization 214 
- emergency therapy 220 
- prophylactic sclerotherapy 5 (S) 
- sclerotherapy 221, 350 
- somatostatin 351 
- surgery 217 
- treatment 5 (S) 
- vasoactive therapy 350 
- vasodilative substance 351 
- vasopressin 351 
villous tumor, adenocarcinoma 555 
- duodenum 89, 550 
viral replication 309 
vitamin E 285 
Z 
Zollinger-Ellisonsyndrome, acid secretion 
525 
- gastrin 525 
Pathophysiology of Ascites Formation in Cirrhosis of the Liver 
A. L . Gerhes 
Department of Medicine I I , Kl in ikum Grosshadern, University o f Munich, F.R.G. 
Summary 
Current concepts of the pathophysiology of 
ascites formation in cirrhosis of the liver have become more 
complex. Traditionally, the initiating event of renal sodium 
and water retention in cirrhosis was considered to be ascites 
formation ("underfilling" hypothesis) or primary renal 
dysfunction ("overflow" hypothesis). Changes in systemic, 
splanchnic and renal hemodynamics, as well as of volume 
regulating hormones observed in cirrhosis are compatible 
with a decrease in effective blood volume as suggested by 
the "underfilling" hypothesis. These changes, however, 
have been shown to precede ascites formation. This obser-
vation, together with the demonstration of an increase in 
total blood volume in cirrhosis prompted the "overflow" 
hypothesis. However, many studies are incompatible with 
this concept and, in addition, the agent causing primary 
renal sodium retention in cirrhosis still remains to be de-
fined. The recently proposed "vasodilation" hypothesis 
reconciles the most salient features of both theories, pro-
posing peripheral arterial vasodilation as the initiating 
event of decreased effective blood volume and renal 
sodium retention. Further studies are needed to elucidate 
the temporal relationship and more precisely define the 
character of hemodynamic, humoral and renal changes in 
cirrhosis of the liver. 
Key words 
Ascites formation - Liver cirrhosis — Under-
filling - Overflow — "Vasodilation" hypothesis - Hemody-
namics — Volume regulating hormones — Sodium retention 
The regulation of sodium and water homeosta-
sis has been a puzzling subject of investigation for many years 
(1). In particular the concepts of pathophysiology of volume 
regulation and ascites formation in cirrhosis of the liver have 
become more and more complex (2—8). Several hypotheses 
have been elaborated in an attempt to explain ascites forma-
tion in liver cirrhosis: the "underfilling", the "overflow" and, 
most recently, the "vasodilation" hypothesis (9). These con-
cepts will be discussed in this review, incorporating hormonal 
and hemodynamic changes in cirrhosis of the liver. 
The "underfilling" hypothesis 
The classical "underfilling" theory (10) pro-
posed that ascites formation decreases centrally "effective" 
blood volume (EBV), thus inducing hormonal changes, result-
ing in renal sodium retention (Fig. I): the cirrhotic liver pro-
duces less albumin, thus reducing plasma oncotic pressure. 
Hepatic venous outflow obstruction increases hydrostatic 
pressure in the portal circulation. These changes in Starling 
forces increase extravasation in the splanchnic circulation. 
Once the ability of the lymphatic system to return lymph to the 
circulation is exceeded, protein-rich fluid spills from the he-
patic sinusoids into the peritoneal cavity and ascites becomes 
overt (11, 12). Ascites formation, as well as the formation of 
arteriovenous shunts (13) and reduction of peripheral vascu-
lar resistance (14), reduces non-splanchnic plasma volume. 
This reduction in "effective" blood volume activates sodium-
retaining hormonal systems such as the renin-angiotensin-al-
dosterone system or the sympathetic nervous system, resulting 
in renal sodium retention. Owing to the above-mentioned 
pathophysiological changes the retained fluid cannot re-
plenish the reduced EBV, but contributes to ascites formation, 
thus creating a vicious circle. 
Some problems with this concept have been 
caused by the inability to clearly define and determine the "ef-
fective" blood volume. EBV has been introduced as an oper-
ational definition (15) of that part of the blood volume with an 
effect on receptors of the volume regulatory systems. To date it 
has not been unanimously agreed whether changes in this ef-
fective volume concern the arterial blood volume, the central 
blood volume, or both. In an attempt to quantitate EBV, it has 
been defined as total blood volume minus the volume of the 
portal circulation (16), or as the total intrathoracic blood 
volume (17). It has been shown that, despite an increase in 
total blood volume of up to 30% (17-20), EBV was reduced. 
Such changes were most marked in patients with ascites, while 
cirrhotic patients without ascites exhibited smaller increases in 
total blood volume and decreases in EBV as compared with 
controls. 
Since changes in total blood volume primarily 
influence the low-pressure system (for review see 21), an in-
fluence on the atrial volume receptors (22, 23) might be antici-
pated. However, recent data (17, 20) suggest normal vascular 
filling of the cardiac compartment, but diminished filling of 
the aorta in cirrhosis. Thus, baroreceptors of the high-pressure 
system (24, 25) might be of pre-eminent importance in sensing 
reductions in EBV. 
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A number of hemodynamic and hormonal 
changes, as well as effects of maneuvers replenishing EBV are 
compatible with the "underfilling" hypothesis: 
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Fig. 1 Concepts of ascites formation in liver cirrhosis 
Systemic hemodynamics: compared with con-
trols, patients without ascites, and more so patients with 
ascites, exhibit decreased arterial blood pressure, increased 
heart rate and increased cardiac output. As mentioned before, 
EBV is reduced despite an increase in total blood volume. Pe-
ripheral vascular resistance is decreased (17,26—28). 
Splanchnic hemodynamics: portal venous pres-
sure, splanchnic inflow, and azygos blood flow are increased 
in cirrhosis, and even more so in patients with ascites, whereas 
hepatic blood flow is reduced (17, 26-28). 
Renal hemodynamics: renal blood flow, renal 
perfusion pressure and glomerular filtration rate are 
decreased at increased renal arteriovenous shunts (29—31). 
Hormonal changes: with increasing decompen-
sation, cirrhotic patients exhibit an activation of the renin-
angiotensin-aldosterone system (28, 32, 33) and of the sympa-
thetic nervous system, as indicated by plasma norepinephrine 
concentration (33, 34). Stimulation of sympathetic nervous 
system activity could contribute to sodium retention by chang-
ing the pattern of renal perfusion towards juxtamedullary ne-
phrons (35), by direct effects on the tubular epithelium (36) or 
by stimulating renal renin secretion (37). 
Natriuretic hormones: the existence of a "third 
factor" (38, 39) has long been proposed. This substance, pre-
sumably a peptide with digoxin-like immunoreactivity (40), 
has not been clearly characterized and quantified so far, and 
the concept of a deficiency of this natriuretic hormone in 
patients with cirrhosis (41) has not yet been confirmed. Re-
cently, concentrations of digoxin-like immunoreactive sub-
stances have even been found to be increased in plasma and 
urine of patients with chronic liver disease (42). The first well-
defined natriuretic hormone, the atrial natriuretic factor 
(ANF), does not show reduced plasma concentrations in cir-
rhosis (for review see 2). However, plasma concentrations of 
ANF relative to plasma renin activity or to plasma aldosterone 
concentration are reduced in cirrhosis, and ANF release upon 
volume stimulation seems to be blunted in patients with ascites 
(32). Renal response to endogenously released ANF (32) or to 
exogenously administered ANF (43, 44) would seem to be re-
duced in patients with ascites, possibly due to changes in renal 
ANF receptors (45). 
Water retention might be due to non-osmotic 
stimulation of vasopressin (46). Interpretation of the impor-
tance of vasopressin is hampered by methodological prob-
lems: plasma concentrations of healthy subjects or of patients 
with cirrhosis following a water load, were often found to be 
below the sensitivity limit of radioimmunological detection 
(46, 47). Several observations indicate a minor role for vaso-
pressin in the volume retention of cirrhosis: basal plasma con-
centrations in cirrhosis were not increased (for review see 47); 
in non-ascitic patients, water excretion was reduced despite 
normal vasopressin concentrations (48); following central 
volume expansion by water immersion (47) or peri-
toneovenous shunting (49), massive diuresis ensued despite 
unchanged or only minimally reduced plasma vasopressin 
concentrations. 
The "underfilling" hypothesis suggests that 
ascites formation precedes renal sodium retention. The above-
mentioned hormonal and hemodynamic changes and the well 
known fact of sodium retention in non-ascitic patients are not 
compatible with this concept, and were the main reason for the 
search for alternative concepts. 
The "overflow" theory 
Lieberman observed normal or increased total 
blood volume in patients with cirrhosis and ascites, which was 
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no different from patients with spontaneous diuresis (16). He 
therefore proposed the "overflow" hypothesis of ascites for-
mation (50). This concept presumes a primary renal salt- and 
water-retention in cirrhosis, resulting in an increase in plasma 
volume; owing to the changes in Starling forces in the portal 
circulation, ascites secondarily becomes overt as an "over-
flow" from the intravascular space (Fig. 1) 
This concept of ascites formation was sup-
ported by the observation that renal sodium retention 
precedes ascites formation in a dog model of cirrhosis (51, 52). 
The significance of these data was, however, questioned on ac-
count of the possible nephrotoxicity of nitrosamine, which 
was used to induce cirrhosis, the short interval between 
sodium retention and ascites formation, and the rather low 
level of sodium retention (53). 
The idea of primary renal dysfunction in cir-
rhosis was supported by the observation of ascites in patients 
with compensated cirrhosis following administration of min-
eralocorticoids and thus lacking mineralocorticoid "escape" 
(54). This finding, however, would also be compatible with in-
creased renal tubular sensitivity to mineralocorticoids, a 
decreased release of natriuretic factors, or a decreased sensi-
tivity to these factors in cirrhosis. 
A problem with the "overflow" theory is the as 
yet unresolved question as to why the kidney should retain 
sodium in liver disease. Since splanchnic blood volume was 
found to be increased in cirrhosis, some hepatorenal reflex has 
been hypothesized to cause renal functional impairment, but 
has not been clearly demonstrated so far. 
Moreover, a number of observations are 
hardly compatible with the "overflow" theory: decreased 
mean arterial blood pressure, an increased heart rate, and acti-
vation of the renin-angiotensin-aldosterone (26, 32, 33) and of 
the sympathetic nervous system (33, 34) have been observed in 
cirrhotic patients without ascites. 
Since neither the "underfilling" nor the "over-
flow" concept can fully explain ascites formation in cirrhosis, 
a new concept has recently been introduced, the "vasodila-
tion" hypothesis (9). 
The "peripheral arterial vasodilation" 
hypothesis 
The vasodilation hypothesis supports the "un-
derfilling" theory with the concept of peripheral arterial va-
sodilation as the initiating event (1,9) (Fig. 1): peripheral arte-
rial vasodilation initiates a moderate decrease in effective arte-
rial blood volume, and, due to reduced cardiac preload, an 
increase in cardiac output. In a compensatory reaction the 
body increases the plasma concentration of renin, al-
dosterone, norepinephrine and vasopressin, resulting in mod-
erate renal vasoconstriction with sodium and water retention. 
The resulting expansion of plasma volume then reduces the ac-
tivation of sodium retaining hormonal systems to a normal 
level; this might explain plasma concentrations of renin, al-
dosterone, norepinephrine and vasopressin within the normal 
range, as observed in some patients without ascites (54-56). 
With increasing severity of cirrhosis, peripheral vasodilation 
and the subsequent decrease in EBV, even marked activation 
of sodium and volume retaining hormones cannot achieve re-
plenishment of effective blood volume. These changes, to-
gether with a decreased plasma oncotic pressure by hypoal-
buminemia, induce ascites formation. The "vasodilation" hy-
pothesis, which is compatible with most observations on renal, 
hemodynamic and hormonal changes in cirrhosis, is sup-
ported by some recent studies (34,57—59): water excretion was 
significantly augmented in hyponatremic patients with cirrho-
sis and ascites by head-out water immersion, inducing an in-
crease in central blood volume (58). Increase in peripheral 
vascular resistance by infusion of norepinephrine in the same 
patients induced a comparable diuresis. A combination of 
both maneuvers significantly increased mean arterial pressure 
as well as renal perfusion pressure and peripheral vascular re-
sistance, resulting in normalization of natriuresis and diuresis. 
The importance of a decrease in distal tubular 
sodium delivery, caused by hemodynamic and hormonal 
changes, for sodium retention in cirrhosis has been demon-
strated in another recently reported study (34): spironolactone 
treatment increased urinary sodium excretion as well as frac-
tional sodium excretion more markedly in a group of patients 
with ascites than in a group of patients without ascites. In these 
same patients water immersion augmented natriuresis more 
markedly than immersion without spironolactone pretreat-
ment. The effects of these maneuvers, as well as changes in 
hemodynamic and hormonal parameters were more pro-
nounced in the patients with ascites than in those without 
ascites. 
A close chronological relationship between a 
decrease in arterial pressure and the onset of hyperaldoster-
onism and sodium retention in the development of cirrhosis 
has recently been demonstrated in cirrhotic rats (59), lending 
further support to the "vasodilation" hypothesis. 
A number of factors may be responsible for the 
vasodilation in cirrhosis: arteriovenous shunts in the splanch-
nic circulation, but also in the skin and lungs may contribute to 
arterial underfilling and to the ensuing sodium retention (60— 
62). Several bioactive compounds have been thought to be in-
volved in the peripheral arterial, mainly splanchnic, vasodila-
tion and in the renal vasoconstriction in cirrhosis (for review 
see 5, 63, 64): endotoxins and platelet activating factor (65— 
57), kinines (68-70), endogenous opioid peptides (71), false 
neurotransmitters (72), leukotrienes (73), prostaglandins (74, 
75), substance P (76) and vasoactive intestinal peptide (77,78). 
Furthermore, increased circulating levels of norepinephrine 
might induce downregulation of beta-adrenergic receptors 
(79), thus causing desensitization to sympathetic nervous sys-
tem activity (80, 81). 
The return of the renin-aldosterone and of the 
sympathetic nervous system activation to normal levels in 
early cirrhosis, as postulated by the "vasodilation" theory, as 
well as the temporal relationship of hemodynamic and hor-
monal changes to sodium retention and ascites formation, re-
mains to be more clearly defined. Longitudinal studies may 
further elucidate this least well defined part of the "vasodila-
tion" theory. 
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